Solid-fuel stoves are used in developing countries, remote locations, and in general more commonly due to convenient fuel cost for space heating. The possibility of also using the stove heat to heat water and produce electricity represents an added benefit. This work presents an application of thermoelectric generators to a solid-fuel stove to concurrently charge a lead-acid battery and transfer heat to water for heating or household use. The feasibility of the proposed CHP system is demonstrated for a common solid-fuel stove. This system produces an average of 600W th and 27W el (42W el peak) during a 2-h long experiment in which the TEG efficiency is around 5% and the MPPT efficiency of the power converters used is demonstrated.
of heat and power into a "symbiotic" system, in which the heat released to the cold side is used to pre-20 heat water, thus effectively creating a combined heat and power (CHP) system. The overall efficiency of 21 the symbiotic system is equal to that of a conventional heating system, but with the advantage that both electricity and heat are produced. A similar symbiotic system was developed by Vieira 
26
This work presents a TEG system comprising of a heat exchanger that fits into a solid-fuel stove, four 27 40x40 mm 2 TEGs with individual water-cooling blocks and a circulating water infrastructure to and from a 28 60-L water tank. This system is designed to absorb part of the heat produced by a common stove, burning 29 coal, wood or charcoal and to direct it through the TEGs to circulating household water in such a way 30 that the water is heated up while the TEGs produce electrical energy. This is effectively a CHP system 31 and the basic system diagram is shown in Fig. 1 . It is important to note that despite the low efficiency of 32 thermoelectric generators all the heat flowing through them is used for household purposes, e.g., heating,
33
shower, etc. Hence, this TEG CHP system for stoves can be considered being ∼100% efficient.
34
The following section presents the proposed system, Section 3 shows the performance of this system during 35 a typical two-hour burning time, Section 4 analyses the economics of this system and Section 5 contains a 36 discussion before the Conclusions. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 converters' electrical efficiency is up to 97%. Each converter is connected to two TEGs in parallel, and the converters' outputs are connected in parallel to the battery, as shown in the connections diagram of The thermal power transferred to the water, P W ater , can be calculated from the temperature difference 90 between the water in the outlet manifold, T W ater Out , and that in the inlet manifold, T W ater In , as shown in
91
Eq. 1:
whereṁ is the flow rate in [L/s] and C P,v is the isobaric volumetric heat capacity in [J/LK]. P W ater and the 93 electrical power generated by the TEGs (P OUT = V B I B ) allow calculating the thermal-to-electrical efficiency, 94 η, of the TEG system as shown in Eq. 2:
Fig. 8 plots P OUT , P W ater and η. 
Discussion of Results

97
This work proposes a CHP system that offers superior performance compared to other similar systems 98 for stoves presented in literature and described in the Introduction. As shown in Fig. 8 P OUT , the total This section studies the economics of the TEG CHP system for stoves presented in this paper. This 121 system captures part of the heat generated burning solid fuels (e.g., coal, wood or charcoal) in the stove, 122 using a heat exchanger, and it transfers it to recirculating water from a water tank through four TEGs which 123 convert part of the thermal energy into electricity. If the water tank was to be placed at a higher location 124 compared to the TEG system no circulating pump would be needed due to gravity circulation; in any case,
125
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